The one-loop contribution to the polarization operator of charged gluons in a constant Abelian chromomagnetic field at high temperature is calculated. By averaging the operator over the physical states of the transversal gluons in the field the temperature-dependent radiation corrections to the gluon energy spectrum are obtained for the high-temperature limit, gH c T 2 ≪ 1. It is found, in particular, that the radiation mass squared of charged gluons in the external field is positive in the approximation considered and has the order ∼ √ gH c T . Possible applications of the results obtained are discussed.
Introduction
Investigations of the deconfinement phase of QCD in perturbation theory were started twenty years ago. One of the important objects here is a gluon polarization tensor (PT) containing information on the gluon excitation spectrum of the quark-gluon plasma. First the QCD PT was calculated and investigated in one-loop order of standard perturbation theory at T = 0 in Refs. [1] , [2] (see also survey Ref. [3] and Ref. [4] were the results on higher order contributions are also discussed). As is well known, the real part of the PT gives the excitation spectrum of hot plasma, whereas its imaginary part describes the dissipation of the states. The most involved problems of usual parturbative calculations are the necessity of resummations of the infrared momentum contributions to various quantities and an impossibility to derive the gauge invariant gloun magnetic mass. These issues were investigated in variuos aspects in recent years and the results have been reported in numerous publications. See, for example, the papars [5] , [6] and referrences therein. As a corollary, different resummation schemes have been developed and a nonperturbative magnetic mass of gluons was derived.
The investigations mentioned were carried out for the case of empty hot vacuum. However, as it was shown in Refs. [7] , [8] , [9] , [10] at finite temperature the spontaneous magnetization of the vacuum of non-Abelian gauge fields takes place. So, the deconfinement phase in the external magnetic field is of interest. If the field is accounted for nonperturbatively both of noted problems may acquire some peculiarities. In particular, the magnetic mass of gluons occurs to be nonzero in one-loop order, as it will be shown in what follows.
The main feature of the magnetized vacuum at zero temperature is its instability [11] , [12] . This is because the charged gluon spectrum in the constant Abelian chromomagnetic field contains the tachyonic mode p 2 0 = p 2 3 −gH c , where p 3 is a momentum along the field H c , g is a gauge coupling constant. A lot of investigations was devoted to the problem of searching for a true vacuum appearing due to the evolution of the instability in QCD and electroweak theory [13] , [14] , [15] , [16] , [17] .
At finite temperature the situation is different and the stabilization of the gluon spectrum and therefore the field configuration may occur. In Ref. [7] as a stabilizing mechanism the Debye gluon mass squared ∼ g 2 T 2 was introduced on a heuristic ground. In Ref. [8] an electrostatic potential, so called A 0 -condensate, was proposed as a stabilizing factor because its contribution to the gluon spectrum is positive and removes the tachyonic mode for (gA 0 ) 2 > gH c , where A 0 is a vacuum condensate value. However, the Debye mass is generated for longitudinal gluons, whereas the tachyons are transversal states produced due to a spin interaction with the external field. The A 0 -condensate is not an arbitrary parameter. Its value has to be determined within a consistent effective potential, including both A 0 and H c fields, that was not done elsewhere, yet. There is another possibility of solving the problem which consists in taking into account the temperature-dependent radiation corrections to the effective mass of charged gauge particles.
In the present paper we calculate and investigate the polarization operator (PO) of the charged gluons in a constant Abelian chromomagnetic field at high temperature. For this purpose the Schwinger proper-time method is used [18] . In general, the application of the method runs into difficulties connected with the need for performing summation over discrete imaginary frequencies. Nevertheless it is quite appropriate in the high temperature limit where it is sufficient to take into account only static modes (l = 0) in the imaginary time formalism [3] .
We average the space part of the PO over the transverse gluon physical states | n, σ , where n and σ are the Landau level number and the spin variable, respectively. The effective mass squared of the charged gluons is given by M 2 ef f (H c , T ) = −gH c +ReΠ(P 4 = 0, P 3 = 0, H, T, n = 0, σ = +1). If the value ReΠ(P 4 = 0, P 3 = 0, H, T, n = 0, σ = +1) is positive and larger then the tree level mass, the spectrum, and hence, the magnetized vacuum is stabilized by the radiation corrections.
The content is as follows. In Sect. 2 the PO in the external Abelian chromomagnetic field at finite temperature is calculated. In Sect. 3 the high temperature expansion of the one-loop radiation corrections to the Landau levels is carried out. The last section is devoted to the discussion of results obtained and possible applications.
Polarization operator in an external field
The Lagrangian of SU(3) gluodynamics reads [19] 
where 
It is convenient to choose the external potential in the form B a µ = δ a8 B µ , B µ = H c δ µ2 δ a8 , corresponding to a constant chromomagnetic field directed along the third axis of the Euclidean space and a = 8 of the colour SU c (3)-space:
The gauge fixing term in the Eq. (1) is
and L gh represents the ghost Lagrangian. Regarding to the Eq.(2) the Lagrangian (1) can be rewritten in the form:
Here we applied the following designations:
. By using the explicit expressions for the structure constants f abc it can be seen that components Q 
Finally, one obtains the Lagrangian of the charged gluons in the form
where
gB µ is a covariant derivative. The Lagrangian (6) coincides with that of the massless charged vector bosons having the charge 3 2 g and the gyromagnetic ratio 2. In the one-loop approximation the PO of the charged gluons is determined by the standard set of diagrams in Fig. 1 , where double wavy lines represent the Green function G µν (x, y) for the charged gluons, dashed double lines represent the Green function D(x, y) for the charged ghost fields. Thin wavy and thin dashed lines correspond to the neutral gluon field Q 8 µ and the neutral ghost field C 0 , respectively. In the operator form the above Green functions are given by the expressions
To calculate the PO we make use of the proper time representation and the Schwinger operator formalism [18] . The PO of the charged gluons in a chromomagnetic field at nonzero temperature can be written as
, l = 0, ±1, ±2, . . . , and P µ = i∂ µ + 3 2 gB µ . We restrict our consideration to the case of the high temperature limit. In Eq. (7) this limit corresponds to the l = 0 term in the sum over k 4 (see Ref. [3] for details ). To evaluate the expression for the PO let us apply the Schwinger proper-time method modified for the case of the high temperature. Following the standard procedure we introduce a proper time for each propogator appearing in Π µν (k, P ) and represent the product of propogators as follows
The k 4 -dependent part of the "Hamiltonian" ℜ(u) is equal to zero. Then, the three-dimensional integration with respect to k in Eq. (7) is carried out by means of the transition to the conjugate variable ξ
By using the eigenstates of the operator ξ i as determined by the condition ξ ′ i = 0, the integral over k can be represented as
The "Hamiltonian" ℜ(u) can be used to carry out the k-integration according to the procedure described in Ref. [18] . The result reads
Finally the expression for the PO can be presented as follows
, B 44 = 1 and V = √ 6igF s(u − 1). To find the energy of the transversal states owing to radiation corrections one has to determine a gluon mass shell in the external field at high temperature. In the static case of interest it is defined by the equations
where i, j = 1, 2, 3 and the product P 4 W − 4 = 0 since for static modes the energy P 4 = 0. If the external chromomagnetic field is a constant, it is convenient to choose the basis states in such a way, that the tensor F ij is diagonal in this basis and plays the role of the operator projecting spins onto the field direction. The state vectors are normalized by the condition n, σ | n
where n, n ′ = 0, 1, 2, 3, ... and σ, σ ′ = ±1. The eigenvalues of the operators F ,P and P
The expectation value of the product of operators (PP ) is
Finally, the average values for the gluon PO and the Debye mass squared of charged gluons can be represented as
gH c ∆]
guH c s, y = xσ,
x 2 . The explicit expressions for Π(x, u) and Π(x, u) are adduced in Appendix.
High-temperature limit of radiation corrections
Now we consider the high-temperature limit, gHc T 2 ≪ 1, of the obtained expressions (10), (11) . In this case the main contributions to integrals come from the domain of integration where u ∼ 1, and x ≫ 1. Without loss of generality, the calculations can be carried out in the reference frame P 3 = 0. Carrying out integrations we obtain Π(P 4 = 0, P 3 = 0, H c , T, n, σ = +1) = = ( 3 2 ) 
From Eq. (12) it is seen that the real part of the PO is positive in the ground and excited states. The imaginary parts in the expressions Π(P 4 = 0, P 3 = 0, H c , T, n, σ) and Π 44 occur due to the nonanalitically of a number of terms in the integrands on the r.h.s. of Eqs. (10), (11) for large x → ∞. The choice of the integration contour that ensures the convergence of integrals with respect to x for these terms results in the imaginary parts in expressions (12) . The imaginary part of the radiation corrections to the mass squared describes the decay of the state owing to transitions to the states with lower energies. The first term in the expression Π 44 is calculated by performing summation over the discrete frequencies k 4 and can not be obtained from Eq. (11) . The second one represents the next-to-leading term and is calculated by using the high temperature static limit. The imaginary part of Π 44 for n = 0 describes the Landau damping of the ground state plasmon quasi-particles. It is important to note that the imaginary parts entering the Π 44 and the Π(P 4 = 0, P 3 = 0, H c , T, n = 0, σ = +1) are of the same order of magnitude. Since a spin interaction does not affect the former correction and whereas the tachyonic state in the field is excited just due to the spin interaction of charged gluons, one has to conclude that the non-zero imaginary part of the latter function does not correspond to the instability of the chromomagnetic field and also describes a usual demping of states at finite temperature. Thus, to verify whether or not the radiation corrections in the field stabilize the spectrum at high temperature one should calculate the gluon effective mass squared determined by the real part of the function Π(P 4 = 0, P 3 = 0, H c , T, n = 0, σ = +1) at one-loop level. If it is positive -the spectrum, and, hence, the vacuum are stable.
Discussion
With the results obtained in the previous section, Eq.(12), we get the expression for the effective mass squared of charged gluons
As it is seen, M 2 ef f (H c , T ) is positive at sufficiently high temperatures. So, one has to conclude that radiation corrections in the external chromomagnetic field stabilize the gluon vacuum for T ≫ √ gH c . Important notice, the second term is just the gluon magnetic mass squared in the field at finite temperature. We see that if the external field is accounted for exactly through the Green functions, the magnetic mass is generated in one-loop order and depended on the product of temperature and field. This is in contrast to the idea of Ref. [7] that the stabilizing mass is field independent. The mass M 2 ef f (H c , T ) vanishes at H c = 0 as it should be in one-loop order [3] . Our results are in obvious contradiction with that of Ref. [20] where zero radiation mass for the state | n = 0, σ = +1 was obtained. These authors have included the dependence of Π ij on the field H c through the states of the tree-level spectrum, only. As the operator they used the zero-field expression in the high temperature limit, but for the transversal mode at p 3 = 0 this is zero [3] . Besides, in Ref. [20] the impossibility of the spontaneous vacuum magnetization at high temperature was claimed. This erroneous conclusion does not take into account the dependence of the ferromagnetic vacuum state on temperature, and, therefore, is missleading. As it was shown in Refs. [8] , [9] , the magnetic field generated in the vacuum is of the order gH c ∼ g 4 T 2 that is of the order of the gluon magnetic magnetic mass squared. In fact, as the magnetic mass of charged gluons in the field the expression (13) should be used.
The above results are of interest either in QCD and cosmology. In former case, we conclude that the deconfinement phase transition has to be accompanied by the chromomagnetic field creation. So, the effects of this field may serve as the possible signals of the quark-gluon plasma. As it is shown in Ref. [10] , in the early Universe in the era of the electroweak phase transition both the magnetic and the chromomagnetic fields were spontaneosly generated. The radiation mass of charged vector fields determines the dynamical mechanism of the vacuum stabilization either in the broken and in the restored phases. To verify is the Savvidy level stable or not one has to substitute into Eq. (13) the value of the field strength generated at high temperature
T [21] . For this value, it immediately follows that M 2 ef f (H c , T ) is positive and therefore the spontaneously generated chromomagnetic field is stabilized by the radiation corrections. The same takes place also for the magnetc field. So, one has to believe that in that time strong magnetic fields were generated.
In Ref. [9] the vacuum magnetization beyond the one-loop approximation was investigated. It has been observed that the correlation corrections increases the field sterength to the value of order √ gH c ∼ g 4 3 T . To check the magnetic field stability in this case the gluon PO with the correlation corrections included should also be calculated. This is the problem left for the future. (1 − u).
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